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I THERAPY PSTNrt TaP QETRn VTPjj, VEPTflPg 
Backcnrmnrt r\-F the T n TOW t,^ n 

The invention relates to gene therapy methods 
5 Gene therapy is an approach to treating a broad 

range of diseases by delivering therapeutic genes 
directly into the human body. Diseases that can 
potentially be cured by gene therapy include l, diseases 
associated with the aging population such as cancer, 
10 heart disease, Alzheimer's disease, high blood pressure 
atherosclerosis and arthritis; 2) viral infectious 

1™T S " aCqUired iramUne defici -cy syndrome 

(AIDS) and herpes; and 3) inherited diseases such as 

is Z:ztZi heaophlliat cystic fibrosis - 

Current methods of delivery of new genetic 
information into cells in vitro include cell fusion 
chromosome-mediated insertion, microcell-mediated- gene 

J0 zziz^irziz: c r ier " spheropiast fusi °- — 

„„ . . 9 transfer, moroinjection, infection with 
-cc^nant kka viruses, a „ a lnfeotion wlth reoonb ^ t 

J ^ 0 6 t6 "=l»"f °s are net generally applicable, 
however, for use rn annals or hunans because of low 

« ^! nCy ' inStabi1 "* °* introduce* g enes, introduction 

TacTor L e ° US ." UndeSir » bl « ^.tic i„,or».tion, end 
iack of target specificity. 

In one particular example, a favored approach 
human gene therapy involves the transplantation of 

r i 9 C 8 a R y ' altered ° ellS int ° Pat±ents (^senberg, et 

al«, 1988, NeV Eng j Medicine 323 :570 . 578 6t 

approach requires the surgical removal of cells L „ 
Patient to isolate target cells from nontarge c ^ "* 
Genes are introduce, into these cells via vLal vectors 
or other means, followed by transplantation of thl 
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genetically-altered cells back into the patient. 
. Although this approach is useful for purposes such as 
enzyme replacement therapy (for example, for 
transplantation into a patient of cells that secrete a 
5 hormone that diseased cells can no longer secrete) 

transplantation strategies are less likely to be suitable 
for treating diseases such as cystic fibrosis or cancer 
where the diseased cells themselves must be corrected. ' 
Other problems commonly encountered with this approach 
10 include technical problems, including inefficient 
transduction of stem cells, low expression of the 
transgene, and growth of cells in tissue culture which 
may select for cells that are predisposed to cancer. 
Finally, inappropriate expression of transplanted genes 
15 xn nontarget cells may actually be harmful to patients 

«. « • *! alternat±Ve a PP r <«ch to gene therapy involves 
the direct delivery of genes to target tissue in situ 
Two methods for in situ delivery of genes have ^J"' 

20 tlTT*'' bi ° liStiC transfer — *>uble balloon 
20 catheterization. Biolistic transfer of genes involves 
shooting DNA - CO ated platinum or gold micropr oj ectilL 
directly into target tissue. Biolistic transfer has been 
successful in the transient expression of geneTin Ve 

25 sur 9ically-exposed liver of live mice 

(Johnston , S . A . , 1990, Mature 3^:776-777; Williams, 
R.S., et al., l 991 , Proc Natl Acad 88:2726-27-^ 

^.sr" d catheterization tra — ~ ^ ' 

cells within a defined arterial wall segment. m this 
approach a double balloon catheter is inserted into an 

T:z™:v he end of catheter is *~ ~ 

^e Inflation «* two balloons at the end of - 

the catheter creates an enclosed space into which 

m^TJT 13 ° r DNA " l0aded ^Posomes are infused. This 
method has been successful in the tran,,-^ 



30 
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ileofemoral artery of pi gs (Nabel E.G. , et al. , 19.90 
Scxen Ce 212:1285-1288). Both biolistic transfer and' 
double balloon catheterization however, although locally 
specific, may be nonspecific in the individual cells that 

5 they transduce within the target area J 

~* i yet area, creating a problem 

of inappropriate gana regulation if the tranegene Ts 

bS»T d t" n ° ntar9et oells - »°raavar. neither 
fanatic transfer nor doubla balloon catheterization 
have baan shown to ba effeotive for tba traa^ToT 
10 tissue oceupying largo voluaes such as l„„ gs , a " c las 
tu»ors or cella of tba aystaaio circulation since tba 

5 of genes^ Tis ^ch'' ^ 

j_ t> . , , . xnis approach involves the 

introduction of viral vectors directlv into „ «. • 
injection, sorav or- n f„ directly mto patients by 

' s P ra y or other means. Different- =r^„ ■ 
viruses are engineered to deliver genes to thT ^ °* 

viruses normally infect. ^ f^ e^i ^ 
0 which normally infects lung cells h a « I ! eXample ' 
a vector to taraet „ T 6en deve l°Ped as 

al , J, 9 3 t0 1Ung cells (Rosenfield et 

al-, 1992, cell m 143-155). Most viral ve * 

however, are single purpose vectors since tn 
deliver genes to certain cells. Beca Use t beT ^ 
specificity of viral vectors is resect Tl ^ ^ 
tropisms of the viruses, viral victors ^ ^ 
lifted in that they either infect" UlT^^ 
cell types, or they do not inf ect cer^ ! " ° f 
at all. mfect certain types of cells 

Liposomes have been designed to deliver o-«„ 
drugs to specific target cells in vivo Bv cl " 
conjugating antibodies or lig anas l^' Cheffilca "y 
-ve been targeted to s P ecifTc el ls ^iT^' liPOS °* eS 
antisense env rna has been delivered to ^ 
-unodeficiency virus ( HXV) -i nf ected lymphs using 
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anti-CD3-conjugated liposomes (Renneisen, K. , et al. 
1990, JBloI cben 265:16337-16342); chloramphenicol ' 
transacetylase (CAT) genes have been delivered to H2K* 

posxtive lymphomas in H2K k -negative m «i B ™< . 
5 HPK-k_^„„ .„ . . , . negative nude mice using anti- 

5 H2K -conjugated liposomes (Wang, c. et al. i 987 L n „ 

™ t Cad ^ ~ >l -d xantn ne ^an^T 

d^eTr^ 8 ^ cxgprt) «- ha - >™ 

delivered to immunoglobulin-coated cells usinc 

10 :f^ yl ° COCCUS *"> tei » A-conjugated liposomes (Machy P 
10 et al., i 988 , Proc Natl Acad Sc . ^ < - I'L 

maj ° r to ^ technology canTe the expense of 

-ass producing ligand-conjugated liposomes. 

15 tLetel T t ASlal °^ co ^ein- DNA complexes are 
targeted to hepatocytes expressing the asiai^i 
receptor (Wu G.Y., et al. , 1991 Lz! aSlalo ^ c °P«tein 

Similar to the problem jJ^L^Z^^ ' 
however Wltn immunotoxins , 

xng -cne expression of specific genes vrti-h 
complementary DNA (Moffat i 99 i c • 

»n-x. v"«-»j-iat, 1391 Science 253 -si n-«n \ 

Although antisense DNA is specific in th „ ^ * 

25 affects, it is nonspecific L tte t ™ ^ 4t 

gets into. This can ~ ! ^ ° f CSlls it 

mis can create problems in w v « >,= 

xs desirable that endogenous genes L « T ** 

concent ^ " ehe ° ist ^- HUltaotar 

P051 "' Pr ° ble - ° £ P^ial toxica L v , vo . 
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Human gene therapy is therefore limits k, «. 
available technology for gene deliverl 21 
strategies, which require surgery ^ anSplantation 

an expensive service industr^ for\ Z^*^** *° 
5 diseases. TaMetin ^ ^ ° r a S3na11 number of 

vectors li„ it P 56 en0ugh " vi «l 

^ infessihl. ^.uL oTS; * eChn ° l09iSS My 

« ^Ple l igMa - DltA cospiereTviTn" , »*—<««- 

cells unless the receptee T lntr ==»~ genes i nt c 

««ctea. i.snJT^ST tr" °" «• 
gene aelivery system i^cse severe '1^" 7 aViilabl * 

_, . 5 ™° "* t— run, m ijJU py " 

-dele ^cV™ urr r ; f ~ ■ 

- invciver;;::,: n . to srrL h - t oei1 - 

comprises i) the nucleic sold n » T 9en0,,,e 
*. *W- envelope gene. ^Z^^JT • 
envelope fragment H„ ine a , I encoaes en 

«» envelope ^^^^^ —ty 
"naing of its ~ ^ recognition or 

efficient incorporation of ~. fdlitste 
25 P^cle. ena L,^. ^~ * ^al 

-rg-ing ena hlnaing' T^Z^l ^'T^" 
surface of the heterologous host ce j L *° «- 

involves aa-inistering the virus 11 ' . ilS ° 
infection of the cell * t0 Per,nit ^iral 

By "efficient incorporation" i R » ' 
hybrid envelope protein is incorno ' t ^ tha 

viral particle at least 25% aTT 3 BatUre 

corresponding wild / frequently as the 

g W11 d-type envelope protein •!« • 
into a mature viral particle Pr ° tein ls incorporated 
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In another aspect the invention features a. virus 
the genome of which encodes a hybrid envelope protein ' 

ZZT^l hybrid Pr ° tein C ° mpriSeS - fragment 
Doxned xn frame to a targeting ligand, whereby the 

^velope fragment does not facilitate recognition or 

e«SLt f i itS n0rmal hOSt CS11 WhiCh d ° eS Militate 
efficient incorporation of the hybrid envelope protein 

into a mature viral particle and whereby the non-viral 
10 viral" !: Ci 1 litateS target±ng ^ bindin * of the mature 

£IL Tl t0 the surface of a cel1 not ««uy 

infected by the virus. 

for del/" " thlrd aSPe0t ^ in '«' ti <»> future, a Be thod 
for delivering a nucleic acid of interest to e 

15 vi e r^°^r h ° 5t Cel1 ' ° eth0a inV ° lTOS — *«-. - 

snveloo. f ^ «—!»» « 

envelope fragment Joined to a targeting ligand, 

""""^"o" <* the virus into a mature viral 
P^cle, and whereby the targeting ligand facilitates 

^rrh^i^r^iT^-- 

involves administering L v^s sT," to^Tviral" 
25 xnfectxon of the cell. vxral 

in various preferred embodiments the virus i s a « 
enveloped virus, preferably a Herpesviridae, a 
Paramyxoviridae, or a Hetroviridae, most preferably a 
Moloney murine leukemia virus o-r ■ 
30 preferable ~ vxrus, or the vxrus may also 

preferably be a Hepadnaviridae , a Poxviridae or an 
irxdoviridae. similarly the virus may be a iolL 

kl^l^' ™— a KhLodo^iX T" 
^enlvTriL: ™ 0rth0myXOV - ida ^ - Bunyaviridae, or an 
35 TZ ' ° r ^ 0thSr ' ^ enveloped 
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acid a , / .° ther Var±OUS eabodim ^s the. nucleic 

acid of interest may include, without limitation, an 
antisense oncogene; a tumor suppressor gene, e.g., a gene 

5 2 * ZT ° r 3 ^ 6nCOding protein 
Rb, a toxin gene, e.g., a diphtheria toxin gene; or a 

3 Cyt ° kine ' e - g " 8 tUa ° r ™ is ^-tor, 
IL 1 " terfer ° n - The nucle " of interest may be 

either OKA or RNA, e.g., antisense dna, or antisense La 

10 acid of interest may also be a gene invoking 
intracellular immunity, or a nucleic ad* ^ 
an inherited disease e a an • therapeutic for 

fibro*-^ Qlsease ' e.g., an insulin gene, or a cystic 

We ' t ! anSmeinbrane "^ lat - ^ne. A "gene that 
invokes intracellular immunity" is a gene thai- „ Z 

15 TT r ative resistant ^^^^i; 

agent 7 «" ^inst an invadi^ 

The heterologous host cell may be a cell th**- 

acguired mutations that result in . S 
on ^, resuit m a disease state 

20 preferably a cancer cell e a » ~o state * 

, . , e -y • » a colon cancer cell ™ 

t^ztiz: r: celi » ay be a cei1 infect - * 

a ceil infect virus 
such as a bacterid or ° r an ^ectious agent 

25 may be eith. Z , The infectious agent 

ho I Z 11 * 637 un ^<=ellular or multicellular. The 
heterologous host cell mav a1en k 

hereditary disease ^ W be a cel * affected by a 
lung cell! *" PanCreatic b ^a cell, or a 

30 preferreremloT"^ 9 *" various 

T hormone oTan ^J***" * Preferably 

' or an lmn >unoglobulin, more preferahi,, f 
tumor associated arf< „ . Preferably an anti- 

preferablv . PeCif iC ^^lobulin, most 

prererably an anti-carcinoembryonic anting 

immunoglobulin, or an anti-HIVgpLo a "^ 9en " SpeClf ic 

35 immunoglobulin. The targeti^i' ' 7^"^ ^ 

uairgeiixng ligand may also be a 
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carbohydrate, or a lipid. The hybrid envelope fragment 
may consist of a receptor binding domain, an 
oligomer izat ion domain, a transmembrane domain, a virus 
budding domain, sorting signals, a signal sequence, and . 
5 preferably a fusion domain, in some cases the fusion 
activity of the envelope fragment may be performed by a 
second protein. The second protein would therefore 
direct fusion of the virus with the membrane of the 
targeted cell. 

LO The mode of administration may include, but is not 

limited to, i) direct injection of the purified virus; or 

2) implanting a container enclosing the virus into a 

patient. When the virus is administered inside a 

container, the virus is preferably inside a packaging 

cell. A "packaging cell" is a cell that supplies viral 

proteins necessary for production of viral vectors. By 

container" is meant a virus permeable enclosure 

containing virus, or containing packaging cells with 
virus +-*i~~*«s- 



"Normal host cell" as used herein, is a cell type 
commonly infected by the naturally occurring virus. " 
contrast, the term "heterologous host cell" or a 
"targeted cell", as used herein, refers to a cell that is 

25 oTTTt ^ " fUnCti ° n ° f ^ ta ^ eti ** li*and Portion 

a funt Y * enVSlOPe Pr ° tein ' bUt " n0t -cognLd as 
a function of the envelope portion of the hybrid envelope 

protein By .-targeting ligand" is me ant a LleculHnat 

has binding affinity for a molecule on the surface of a 

30 uXrr.^: / '™ ~** in", as 



35 



^ is a P"tein that, includes a portion of a 

viral^envelope protein (or a biologically active analog 
thereof) covalently linked to a targeting ligand. For 
example, by a "hybrid immunoglobulin-env protein" is 

r^rtLn 0 ^ 011 °* " 1 " n """^ covalently linked to 
a portion of an envelope protein. A "hybrid envelope 
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gene" is . nucleic acid ^ provides 

xnstructions for a hybrid envelope protein. By "hybrid 

anti-carcinoembryonic antigen-soee^^ < 7 3 

meant a hvhr^ • ntl * e n specific immunoglobulin" is 

meant a hybrid immunoglobulin-env protein that 
5 specifically binds to a carcinoembryonic antigen. 

Protein?" ^ Mfra9mentM ' as to an envelope 

Protein fragment, includes some but not all of the 

envelope protein. A fragment will ordinarilv bT !- . 
about about 20 amino acids, typicallv 11, «. * 
10 amino acids, usually at leas/a^u 40 cent " 
acids, preferably at least about 5 o amino 1^ T° 
preferably at least about 60 to 80 J ' 
amino acids in length. Fragments 0^!°" 
can be generated by methods^ £ ZZ^lZTT 

15 art fe tr , . " ose sjcilled in the 

te.g. , those described herein). 

A biologically active fragment of » , 
protein is one that possesses at T. . envelope 
*>r.n~ • assesses at least one of the 

' -Cities: a) lt can biM to " 

11 «>■ appropriate targeting Ugand- b, .! 

30 enable £ usion with a can membrane, or ^ it " " 
corporation of protains into a mature vir^l J" 
Th «" "— biological activities c.7be ^ '"T^" 
same anvalopa protein fragment or bv Z PBItm,M <*= 
envelope protein fragments Ae stated b S<!Parate 
« envelope fragments of this invent ! ' **" 

-cognition or bino^g « the^ " I*"*" 
"■is is accomplished by either C * 11 - 
the normal receptor blLi^^T^L?" °* 
Physically deletino it » Y mutatl °n' or by 

30 binding region £"L£ ^ £ ~~ 
candidate fragment to exh^t a T ° f * 

viral envelope protein ct f blol ^l activity of a 
^ those s*iLd t ^ the art * 

The envelope fragment may include th. 

35 sequence of a natural ly-ocurring r vlrla , 

y currmg viral envelope or may be 
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a biologically-active analog thereof. The biological 
actxvxty of an envelope analog is assessed using the 
methods described herein for testintr onMl 
for activity. testing envelope fragments 

5 Applicants have provided an efficient and reliable 

means for specifically delivering therapeutic genes or 
antisense nucleic acids to particular animal, plant or 
human cell types, or to cells of infectious agents. 
Their method facilitates treatments for mutagLcailv 
10 acguired, infectious, or inherited diseases, Tg! by 

either i, antagonizing the effect of an existing cellar 

gene; 2) complementing the defect of an existin! T^T 
aene- -*% . existing cellular 

gene 3) destroying the target cells through the 

introduction of new genetic material; or 4) cha nc H„ 

antibody or envelope-ligand hybrid, ie utilized 

r cell. The viruses itseltr, through its efficient 
internalization »echanie*s. facilitates ern^tL 
or the therapeutic gene, such viral vectors arT„ 
adapted to deliver genes, Wk , or d^tT^™ 11 
proteins that do not noraally internaLe! ^ 

Another advantage of this ■ir.xr~v.i-- 
overcomes the problein £ g ene / e "TIT " " ^ " 
other methods of gene theraov T ! encounte "°- with 
^ not only ^si^^ 

location, at tht=> t- ■.»-•+.+. . cxie rignt 

™ w ' ™ ri ght tame, and in the right affi oM^ 

30 hut must also be regulated i« <-v. amounts, 

. , . regulated in the same manner as 

indigenous tissue. That fK . tte 

Anat: ls / the transduced ceiic 

also have an +-k« . a c eiis must 

-espondt 1 B 

Problem in gene therapy for diabetes, for exaLiI „ 
35 transplantina fi'hr.«v, n » *. . example, where 

P anting fibroblasts with insulin genes can be 
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10 



ineffective or even harmful. As fibroblasts do not 
contain the same receptors and signal transduction 
machinery as pancreatic beta cells, the insulin genes may 
beexpressed differently. Targeting genes to thl right 
cells insures that the genes will be properly regulated. 

man additional aspect of the invention, a 
selection scheme is devised for creation of hybrid 
envelope protein^containing, viruses. s J ategy ^ 

or ^ Pr ° teinS fUS6d With i-unoglo^lL 

or with any ligand ^ recognizes 



30 



will be a 6atUreS ^ adVanta **s of the invention 

priferL **" ^ f ° ll0Wing of the 

^ Preferred embodiments thereof, and froffl the c±a ^ 

Details Desnr-^pf -i^ 

^^^^The drawings will first briefly be described. 

FIG. 1 is a representation of a schemo f™. 
20 Const -cting retroviral vector pLNC x*. 

FIG. 2 is a representation of a seho » 0 * 
constructing piasmid LNCenvpA. 

FIG. 3 is a representation of a sch^ ^ 
constructing pi asmid LNCe71v> SCheme 

FIG. 4 is a representation of a schom. * 
5 constructing piasmid puc star-sig *" 

constructing ^IZTsT^" "* 9 ~ 
con S tructi G n; " 3 ~~ * 

construct L^^S^ ^ * — * «- 

FIG. 8 is a representation of a str a >»m f * 
generating targeted t-o*,-™ • ' strategy f or 



25 
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FIG. 9 is a representation of a strategy for 

lZZT ln9 targetSd ret " VirUSes living generation of 
pooled virus constructions. 

5 <~n * FIG " 10 1S 3 representat i°« of a strategy for 
5 generating targeted retroviruses involving selection and 
characterization of targeted virus. * 

COTvK - FIG * 11 iS 3 r cementation of a plasmid 
containing a targeted retroviral vector. 

LO l IG " 12 ±S 3 re P resent ation of a scheme for 

10 constructing plasmid pUC Star-antiCEA. 

scha^ / XG * " 15 3 representati °" of an alternative 
scheme for constructing plasmid LNC-antiCEA. 

What follows is a procedure for the h«i 

viral ^ Protein is incorporated into the 

viral envelope during the budding process «^ 
> hybrid virus in vivo. Upon infection of a host ^ * 
hybrid virus specifically recognizes its ^ 'cet! d 
resultant fusion with that cell facilitates " "* 

internalization (into the target cell) of viral 

^eluding the therapeutic gene(s, which arl In - geneS# 
into the viral n o B „- n are engineered 

extra*,! 5 ^ inte ™alization can be 

-e often clinically ineffective since t£ ce^suS ' 
molecules to which they are targeted do not Int f 
and internalization is required for * ^ZT' 

molecules into the cells (Waldmann t a 

252: 1657-1662). TaroatJ amann ' ' "91, Sc±Bnce 

r- am ,A ^geted viruses circuavent thi e 

(Gilbert, et al. 199 7 Tl T Winery 

' l990 ' J Virol .64: 5106-5H3; 
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Roizman, B . et al., 1990 , in bn Fields, et al ^ 
nalatt. Haven Press, Ltd. New Yor*> ' ^ 

G eneral PPmnr^e ^ T ar^„ „ irn _ r 
In general targeted viruses »>.~~ ~ 

- - Pla c ing the reoeptor reoogn r.;;;;™ 

envelope protein with a ligand directed "galsT, 
specific oil surface reoept£ , r . ^ ^ » 

"ithout limitation, an immunoglobulin J ? pi I 
™- or Pc>, a hormone, or any other syn^c ' 
10 Protein that oan direct the minding ~ 
viruses to a cell surface molecule The u^L 
biologically incorporated into the viral -IT " 
genetic £u sion with that portion or tte „ *** 7 

envelope protein involved in viral af *° ^ 
1= The envelope portion of the hybri a IZ ! ^ " d 

envelope fragment ( or TO 1£t£°£s ° f « 

to direct efficient incorporati™ ol \T efficient 
Protein into the viral e„v!, envelope hybrid 

envelope hybrid n^T< envel °fe. Preferably, the 

*0 between th^irus a nd i"t"° ^ » ^erection 

virus and its normal host cell 

reoeotor « dem °n=trated that changing the 

: the^SsTtrlr e " VelOPe P — °- -rus 
stomatitis viru^ r vsvTt i ^ eXM£>le ' ^sicular 
- envelope replead ZTltTLT ^ «~ 

ability to iMeot retrovirus L^r™, the 

' « "77, .7 Sen rirol L 449 45 T 1S «—**««. 

et .1.. 1,72, , rlrol ^t^ 9 -^' Za yeee. 

species specific Protein-protein "ti'^ " 9 **** 

« virus core protein and ,» 1,^^ * 
critical for * Protein are not 

these cases moreover 10 " .T ™ ati =" » ^ast in 
indicated that virus onv^lnTr^ "™ ^ 
length or conformation - 
« Pretein, e.g.. by . oonjugatea ^ 

y<ana * F °3r example, 



35 
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Gitman et al . have shown that sendai virus envelopes 
reconstituted with viral envelope glycoproteins, 
chemically cross-linked to anti-erythrocyte antibodies 
acquire the abilitv to h-!t,h ..^ ""tmoaies 

5 strioned o* erythrocytes that had been 

sapped of the normal virus receptor, similarly, Sendai 
virus envelopes reconstituted with envelope proteins 

TZTl Y CrOSS " linked t0 -lecules! were able 

tLnT reCept0r " stri PP^ erythrocytes expressing the 
10 Xn both cases, envelope binding IT 

erlf ° CCUrred ^ rece Pt°r-stripped 

aTer^r^^rr conjugated ~ 

leucocytes occurred, however, when the coniucated- 

envelopes „ere eoreconstituted with the „or»al Xll 
^ t in/ Md £usiM proteins ^ 

• 1985, Baochem 14:2762-2768) . 

Preferably, the targeted virus contains l. a v 4 , 
envelope derived from a host cellular membrTe - I \ 
transmembrane hybrid envelope protein th 3 ,T 
binding and penetration of L^?^ ^ ^ 
>0 cells- i\ varus to specif xc target 

^lusicn „rrT rane enveiope protein «*« 

Zl ° £ *"» Greeted virus with the celiular 

~- « targeted dl f or viraI ^ 

(e.g. , the targeting protein itself or ,„t.. 
protein, . 4) vlral oote prot . , . * ° r ™ oth er envelope 

5 «- «> all necessary vira end^e" c^' 5 ' °* 

c«Po»™ts for penetration end expression „f genes 
contained in the viral genome l*= <- 

envelope protein consist^" 1, net tranS " M1,raM *«*-*>• 
the hybrid protei„ ,-„T a =tanu„ants that enable 

1 ixa Protein to become process*** a ^ . 
' into viral envelopes- 2 ) a-*- T incorporated 

cf tae viral envelope ^^^"1^ 

tar^r'vLT s^TT ^ « - 

y virus, 3) a ligand determinant that- o«=.v.i 

targeted virus to r-<=~ • enables the 

<- recognize and bind to specific 

receptors on target cells. The viral „ peciflc 

ine viral genome may also 
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reSsil'T" 1 * 1 eeleCtable »*-» (••».. a»picilli„ 
resistance) ana/or a «,,™alian call selectable Barker 
(e.g., neomycin resistance). 
■ transmembrane hybrid protein is constructed 

iitoTr ? sp f cing cei1 surface recept - ***** 

domain of a ligand gene to a portion of the viral 
envelope protein gene. The transmembrane hybrid protein 
I:;:"!: 1 " th ° Se — « the envelope protein^ 
10 s ^ efficient post-translational processing, 

en°v^l X : p g e ? nd ° f «- **• the viral 

The following domains must be considered in 
constructing the hybrid ligand-envelope protein: 

15 The "^Ptor binding domain is th*+- « ^- • 

envelope protein that recesses ^iT ^ 

portion of the envelope protein is replaced with llo-,^ 

.. .-^rot^rr t* do - ain - 

Raven Press „ ' ™ eds * Virol nr™ 

ven fress, Ltd., New York). since the sn 

protein, replacement of the aminos™ ,• , 

. 2. Proteoiv»i„ . u avaqfl 

. svnth enVel ° Pe protein of retroviruses is 

synthesized as a polyprotein which is later 
proteolytically cleaved to form su and TM „ • 

In construction of the hvbrid n ! heterodimers . 

, . ^ ne nybnd ligand-enveloDe nmt=,'„ 

the proteolytic cleavage site should be elZInaT! 
Proteolytic cleavage site should be elL^T ^ 
deletion or bv _ eliminated either by 

on or by site directed mutagenesis. Pere Z and 
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Hunter have demonstrates that elinination of tie 
Phytic cleavage site does not bio* transport or 
surface egression of Sous sarcona viros envelopT 

= rrr:, - " " 87 - *«»» 

.3. Olicrotneri ^ TOni - n 

asso . • ^ enVel ° pe proteins °f ^ny animal viruses 

associate to form trimers (fields, B N et ^" rUses 
2i3~l°gv, 2nd ed., Raven Press Ltd » ' 

10 Trimerization n t* ^ ' NeW York > • 

i-xuerxzation of the envelope protein *-v. 

essential for the proper trans^ 2* Ls^Ton 2 " 
envelope proteins into the viral envelopT^ °f «. 

Ceil 46:929-937). Therefore it is'i *Z " 1986 ' 

15 domain be retail < lu ^P°rtant that this 

we reiained in the hvbrid 

creation of a functional hybrid llff J ' ' hen ° e ' 

20 P»te ln lechin^ s^ICiTr 1 ^ 

See viral envelope proteL m^^Z^ T^*' 
stoichiometric ™™k, ongomerize to form 

. ometric combinations other than trimers 

4. Fnavn n drama. < n winters . 

- -o acT/s rr? n ^ ^er^/rr of 

envelope with the cell membrane (Wiley n f 
1*90, i„ Fields, B.N. et al., eds vSo! ' ^ 
Raven Pr ae . T ^ _ ' ^ Urology , 2nd ed. . 
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Raven Press, Ltd., New York.' v f^^ 33 *' 2nd 
of the viral core Zll ' * fUSi ° n allows ^ry 

influenza virus Jl f T "* ^ ^ ^ -U- * 
t^inus of S'^Ti " ^ 
the hema gg i u tinin trimer until ^£££7"™ *" 
conformational change allows presentation T 
domain to the cell membrane f I *** fUSi0n 

envelope proteins T "merization of the 

Proteins can prevent constitutive expression of 



WO 93/20221 

PCT/US93/02957 

- 17 - 

hvdro 0 l^ tiVity ^ T»*»» " Ithl. an internal 
hydrophobic poolcet. A potential fusion domain has bean 

-t Ab.920-936). similar hydrophobic f US1 -„ n « 
have been noted in the dise JL sequences 
i e „ir^- • P P rote m of Moloney murine 

leukemia virus (Mo-MuLV) (chambers, P . et al 

Ge* Virol 21.3075-3080). . <1 " U90 ' 17 

10 it . vf" C ° nstructin 9 a hybrid ligand-envelope protein 
10 it may be necessary to eliminate the fusion J^J T 

- vfal envelope j\x:rnTv^ y s L e . in :™r int ° 
- ::: 0 r~ ^ but iac * s — -w. 

fusion activity M a ! ^ P ° SSess in * 

This type ITtLult 9 9 reCePt ° r Mndin * do -in. 

ype or situation xs observed ^ 

« "here ona envelope protain is ZltJZ/Z l "T" 

L„ " ^ « Raven ' 

Press, Ltd., » e „ YorJt ., - *aven 

pravant oonstitutiva fusion aotivitv ^„ *" 
« be inoluaaa in one protein . CtlV " 1 '' *»*>> activities say 



The transmembrane domain is a stretch o-r 
approximately twenty or more amino acids ^ 
envelope protein to the viral TnvL the 
3 0 within the pi5E protein **' " ±S l0Cated 
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— retention of the 
transmembrane domain is thouoht t« *, 
deletion of the tr an ™ " lou ^ ht to be essential since 

cne transmembrane domain result i 
of the synthesized envelope protein " ln "««tion 

' W«l Si: 2981-2988, . ^ ' St al " 
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6. Vi-nis budrti ng domain 



Amino acid sequences within the envelope protein 
*ay he evolved with the exclusive incorporation of viral 

5 22 PS Pr0te±nS int ° ^ enVel ° PeS « virul 
5 budding. The virus budding domain directs the hybrid 

ixgand-envelope protein into the viral envelope, These 

sequences are thought to reside within the portion of L 

envelope protein facing the inside of the vL^d ^ 

involve specific protein-protein interactions between 

2^z: r teins and virai core ° r ma - ix ™* 

Although Perez et al. demonstrated that deletion of the 
carboxy-terminal sequences of the Hous sarcoma virus el 

(PereT IT , * ^ ° f «" — virus 

15 evidence exists that, for other viruses, interactions 

virai core Proteins mav 

' 133U ; Virology Raven Prpce T4 .j „ ' 

7 e„^4-,- ~ n "ess, Ltd., New York). 
7. Sorting signal* ^ oi - n<aT . g ^ ^-, r J " 

sorting signals are determinants that direct tto 
envelope protein to the correct intracellular lo^T 
during post-translational processing ^ locatlo « 
insure that th c , Pressing. These sequences 

^ ^elope protein passes through the 

endoplasmic reticulum, Golgi apparatus and !S 
25 organelles , m f 4 : w«axus, and other 

ganeiies until it eventually reaches the viral 

envelope, other signals that ffla y have to be retained , 
the hvtrrir? Hrr^ retained in 

sequenced and s^l ""^ M «**Wti« 

^ quences and sequences involved in effective 

conformation of the envelope protein „ „ ■ 
30 bonds). Protein (e.g., disulfide 

.8. Signal segasncg 

hydropic "SZLTT 0 ? " " Mint> - t '- i "« 

opnooio stretch of anino acids that directs th. 

.s :"i e al op : protein into °- l 

KM sequence, which is iater proteolyticaliy cia^d. 
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is essential for the hybrid ligand-envelope protein to 
become located in a membrane. Protein to 

The diversity of signals and domains that mu s + k 
considered in constructing targeted virus!" 
5 precise and correct soli J™ T\ Vlruses requires that 

J-xgana and envelope genes 
• «e present invention describes a selection 
scheme for constructing targeted viruses wh^bv ^ 
ixgand gene is spliced to an envelope Zl Z 
hybrid gene codes for those portionTof ^ this 
10 protein which are reouir e d <-! I envelope 

cure required to direct efficient- 

="= :r — — — e 

15 deletions of viral e m~o« ^ated to progressive 

viral envelope genes. The corro^- 

not only produces tsrgeted viru^'- ^ Section soheme 
0 — o £ ftttu J ^^e^"" 65 ^ 

desired therapeutic aene. This ox™,. • 

purpose « mwttt% :: t e 1 ^ t i r„; s ™«* «« 

Moloney murine l e »vs»»- • lng ' the invention, 
ecotropic retrovirus Jt^-™" (M °' MULV > is * — • 
retroviral vector that "'^""a* ^o-MuLV based 

vector that is targeted to e„i„„ 
is constructed. The fc aT -™- „ cancer cells 

targeted retroviral 
the neomycin resistance gene to colIn Olivers 
targeting to human colon cand c el i s 

incorporating into the viral e ™ •. " aCCOn, P lis hed by 
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is a tumor associated antigen expressed on the surface of 
human colon cancer cells but not on the surface of normal 
adult cells. The CEA glycoprotein, possessing multiple 
membrane spanning alpha helices, does not internalize in 
5 response to ligand (Benchimol, S. et al., 1989, Cell 
57:327-334). A protein that is homologous to 
carcinoembryonic antigen has recently been shown to be 
the receptor for mouse hepatitis virus (Dveksler, G.S., 
et al, X991, J Virol £5:6881-6891). 
10 For the purpose of this illustration, a single 

variable region of the heavy chain of anti-CEA is fused 
to a portion of the env gene, single variable heavy 
chain fragments (dAb) have been shown to be as effective 
in antigen binding as fragmented antibodies (FAb) 
15 containing both heavy and light chain fragments, and 

intact monoclonal antibodies (Ward, E.S., et al., Mature 
341:544-546). The function of immunoglobulin-env 
proteins is „ ot limited, however, to the use of dAb's and 
can be applied with FAb's, Fv's and mAb's. 
20 Modification of i-h. ~ t rovirei ^. tor . TiTf f , Y 

mcx is a Moloney murine leukemia virus based 
retroviral vector contained in the plasmid pLNcx (Miller 
A.D., et al., 1989, Blotechniques 7: 980-990) . pLN cx 
contains a unique Hindlll and Clal cloning site for 
25 expression of inserted genes, a cytomegalovirus (CMV, 
promoter, a polyadenylation site (p A ) , retroviral long 
terminal repeats (LTR) for retroviral Rna transcription 
and reverse transcription, a bacterial neomycin 
resistance gene (Neo, which conveys resistance to both 
0 neomycin and G418, a bacterial origin of replication 

(Or) , a bacterial ampicillin resistance gene (Amp) , and a 
retroviral *NA packaging sequence (, + , . mcK is modif ied 
to contain a unique Sail site as shown in Figure 1 
pmcx is linearized with Xbal and subcloned into the Xbal 
Site of the phagemid Bluescriptll SK+ (Stratagene La 
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Jolla, CA> . Single stranded DNA ±s purified 
unique BstEII site of LHCX is converted into a Sail site 
5 ^™2r ^ -e oligonucleotide 

5 siteTT G ™ CAAC ^ 3 - <«* » NO: a, . The BstEII 

of M m T Within 6Xtended P^^aging signal (lF + > 

of Mo-MuLV RNA (Bender, M.A. , et al., 1987 , J ^ ^ +) 

61:1639-1646; Adam, M.A. , et al., i 988 .r Av„ , 

3 80fi . . ' 1988 ' ^ Virol £2:3802- 

3806; Armentano, D. et al .19*17 T , — 

Conversion of> *-h = ! ' lr ° 2 ^ :1 647-1650) . 

conversion of the BstEII site to Sail does not aff Ge *- 

10 paging since this region has heen determine, t be ■ 
dispensable for efficient packaging (Schwart^ P et 
al., X983, j Virol 46:533-546. Mann R> L5 " ' 

Vlro1 31*401-407, and Mann, R. et al 198 3 A " ' * 

T3 . , j-_ ' / 1983 , Cell 

■ 23 - :153 ~159). The Bst-VTT • 
is cif x» BstEII site is converted into a sair 

15 site because BstEII sites, but not Sail sites «1 „ 

occur in heavy chain genes (Chaudhary V K It 

— ^ - ^: 1066-1070,"' L S alI 

ST.S'S: £ " Cir ~ — Xbal and DNA 

6 P la smid PLNCX*. 

The Mo-MuLV env gene is c i nn0 H • 4. 
shown in Fioure o ™ oloned into pLNcx*. as 

figure 2. The Mo-MuLV env opt,* 

Plasmid P8 . 2 (Shoemaker, c. et al T.L ^ &OB 

Sci asA 77:3932- 393 ^ ' 8 °' Proa Natl Acad 

, c , -^-3932-3936) as a 1.9kb Scal-Nhel fr- am - ■ 

J5 1.9kb Scal-NheT -err. , fragment. The 

cai Nhel fragment contains the entire coding 
region for the p 15E transmembrane protein ILT 
majority of the coding reaion ^ ^ *** 

The 5-protrudincx !^ 91,70 SU P">tein. 

protruding ends are digested w1i-y> e-. 

HindHI linkers (5-CCAAGCTTGG^ SEQ » ^" nUClSaSe ' * nd 
0 added. The env gene is cloned ' 2> ™ 

the Hindlli site of p^cx* ' indIXI ftr " 0 — ' ±n 
orientation of the H W f" UK3m ^' *»• 

can be transcrib^ TlZZ^ZT^ C T ^ " 
(CMV) promoter. cytomegalovirus 
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Modific ation of ENCenvpA to LWranv 

LNCenvpA is cloned as an Xbal fragment in phagemid 
pBluescript II SK+ for additional site directed 
mutagenesis (Figure 3). The env encoding HindHI 
5 fragment contains a polyadenylation signal that may 

interfere with the polyadenylation signal provided by the 
viral vector. The AAUAAA polyadenylation signal is 
therefore changed to AAGAAA by site directed mutagenesis 
with the oligonucleotide 5 ' — GTTTTCTTTTATC— 3 ' (SEQ ID NO- 
10 3). The HindHI site located at the 3' end of the env " 
gene is eliminated by site directed mutagenesis with the 
Oligonucleotide 5— CAAGCATGGCTTGCC— 3 ' (SEQ ID NO: 4). The 
env containing retroviral vector is recircularized by 
Xbal restriction and ligation to form plasmid UTCenv 
15 M °lg°"lar nlonxpq of antl-CEA imrnnnrvy iobnn,, ggagg 

cDNA encoding the mature variable region domain of 
antx-CEA heavy chain genes is cloned as an Xhol-spel 
fragment using the polymerase chain reaction ' (PGR) and 
RNA template, rna is derived from the spleen of mice 
immunized against purified carcinoembryonic antigen. 

, can be derived from hybridoma cell 

Unes that secrete monoclonal antibodies against CEA, 
e.g., lii6NS-3d (American Type Culture Collection 
CRL8019) or CEA 66-E3 (Wagener, C, et al. , i 983 , J 
25 Immunol i30 : 2308-2315) . 

The following PCR primers hybridize to cDNA 
encoding the aminoterminal end of mature heavy chain 
genes (Stratacyte, inc. ) . The degenerate primers 
introduce an Xhol site which is underlined. 
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5' AGGTGCAGCTGC££GAGTCGGG 3' (SEQ ID NO: 5) 
5' AGGTG CAACTGCTCGAGTCGGG 3' (SEQ ID Noi 6) 
5' AGGTGCAGCTGSECGAfiTCTGG 3' (SEQ ID NO: 7) 
5' AGGTGCAACTG£2£GAGTCTGG 3' (SEQ ID NO: 8) 
5 5' AGGTCCAGCTGSECGAGTCTGG 3' (SEQ ID NO:" 9) 

Xhol 

The following PCR primer hybridizes to 
immunoglobulin heavy chain mRNA within the region coding 
for the J-region and introduces spel and BstEIl sites. 
ID NO- ll') CTAOTA ^ S2 ^ GAC5S2:2 ^ GTGGTC CCTTGGCCCCA 3' (SEQ 

Spel BstEIl 

The amplified anti-CEA variable heavy chain DNA is 
cloned as an Xhol-Spel fraoment i„ „ T 
15 t xragment in an ImmunoZAP H vector 

15 (Stratacyte, inc.) (Mullinax, R.i. e t al., i 990 Proc 
»«tl Acad Scl USA ^7:8095-8099) . ImmunoZAP H is l 
modified lambdaZAP vector that has been modified to 
express in immunoglobulin variable heavy chain 

fragments behind a pels signal seguence. aT^L 

* l l fragments in a packaging cell line 

anH . h Clones expressing high affinity anti-CEA • 
5 ant!^^: ^ 3 — — -ay. The 

Plague lift™ * "^^o** 

CEA « / l]bovine serum albumin conjugated to 

CEA, as previously described (Huse, W . D ., et al 1989 
Science 246 : 1275-i?hh „. . ^ . 1989 » 
anti-CEA"T7o! ' 9 intera ediate affinity 

Con^ . ^ Ch ° Sen f ° r fUrther "-nipulation. 

ConstnTction of m.-j,, m£=i nmn33l3hsg±ii 

Two strategies are presented for creatine ro 
IMC-lmmunoglobulin fin thi., ■, creating plasmid 

_ * {ln thls example, LNC-antiCEA, which 

codes for an anti-CEA immunoglobulin gene, . J£ * 
^unoglobulin vectors encode an immunoglobul^peptide 
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fused to an amino-terminal signal sequence. Some -amino 
acids at the amino-terminal end of the mature 
immunoglobulin peptide have been modified by the PCR 
primers used to generate the immunoZAP library. 
5 Moreover, the design of the LNC-antiCEA plasmid results 
in the insertion of an extra amino acid at the amino 
terminal end. These amino acid changes do not affect 
antigen binding because l) the amino acid changes are 
conservative; 2) the affected amino acids are normally 
10 variable at those sites; and 3) the affected amino acids 
occur within the framework region of immunoglobulins 
which has been shown not to participate in antigen 
binding or conformation of the antibody (Relchman et al. 
1988 NaturB 332:323-327). It is for these same reasons" 
15 that cleavage of the signal sequence from mature peptide 
will not be affected. 

Both strategies for creating IJifC-imnaiioglobulin 
rely on the use of plasmid pUC Star-Sig, the construction 
of which is presented below. 
20 An immunoglobulin signal sequence is cloned into a 

modified pUC119 vector to create pUC Star-Sig as follows 
(Figure 4) . puciis is a phagemid containing a polylinker 
cloning site. The multiple cloning sites of P UC119 are 
replaced with new restriction sites by insertion of the 
following polylinker into the Hindlll and Xbal sites of 

PUC119. 



Clal xbal 

-3' (SEQ 



25 




30 3'-. 



A6ACGTCCGAGCTCACTAGTTGATCACGCCG6CGTAGCTAAGATC-5 ' ( SEO 
ID NO: 12) 



The modified pUC119 is called pUC Star-1 (Figure 4) 
restriction sites may be further separated by small 



The 
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linkers, if adjacent restriction sites interfere with one 
another during digestion. 

heavy chat aeT i fr ° ffl " anti ' NP ^-^lobulin 

5 dTT et g ;: 85 ls r; ; lat i from piasmid pcdfl - «**~. 

PstI I 1 ^ :42 °4-«14) as a -330bp 

PUC slZTT' -T 33 ° bP ^ fra9ffient " SUbcl — ^to 
PstI f«^ent° yleld . PlaSald * DC «*«ig (Pigure 4) . The 
Fstl fragment ls oriented so that the sitm*i - 
be expressed. gnal can 

10 
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placid Tf 3 ^™* 1 ™ " f ^imnnsa io^un M 

Biasing mnM.inh.n, - Tregs1 . m ~~ 

LKCX* is converted into a eukaryotic 

veotor ,Fi5ur " « « »> ■ *» 

pXa^i* Mcx . to allow ^ «V ^ c-ot« o t 

immunoglobulin genes c«™,->. • amplified 

in genes. Conversion of lncx* is as follows 
The immunoglobulin heavy chain s 
recovered from p UC star-sig as a HindlixT ±S 
0 fragment and cloned into the i restriction 
The resulting plasmid, LKc-sig contains^ ^ !" ^ 
vector with the immunoglobulin hea^'hain sTT^ 
sequence un der control of the CMV Z a ! * ^ 

An anti-CEA gene rroT^ (Fi9Ure 5) ' 

then s »h^i . the ln ™unoZAP library is 

tnen subcloned into LNC-Sicr to , . ^ ls 

This rr~„„- . 7 Qrm Plasmid LNCanti-CEA 

Tbis generates an anti-CEA variable >, EA * 
containing a sion al var "ble heavy chain gene 

ig a signal sequence fFicruT-o fi i m . 
gene is first excised L» ,• 3 * anti " c EA 

Bluescript SK- I f ^mmunoZAP p hage DNA as a 
^ ° SK ~ Phagemid (see lambdaZAP protocols 
Stratagene, inc. La Jolla rjn ^ Protocols, 
Purified as an Xhoi-snel \ ' anti "C*A gene is 

spex restrictive-:!; I^X <° 
site Therefore, to 

ligation mix is transformed into neomycin^ensi* 
ampicillin-sensitive p o«i • ^ on, y ci n sensitive, 

nsitive £s. coll and neomycin-resistant. 
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ampicillin-resistant trenstoraants are selected to, 
Plasma xa.Centi-Ci* is screened frcs n^^t 
eaprciilin-resistant transference by uaiL ^e ScS^'t 
.Ta 1 Z b . reSt l i0ti0n C ~ £ "» BLaJ p rL-~ 

vector T„ sltes *» lenunozap expression 

vector. To sraplrfy construction of LHcanti-CEA e 
unr^e Hot! site can oe introduced into the is^oL h 
expression vector so that- kt^t nozap H 

<* SP.! sites. S " eS CM te — 1 

An anti-CEA gene from the immunoZAP lib*-™ • 
subcloned into plasmid pUC star-S^ . *** llbrar y " 

Star-anti-CEA. This CTe «!l! * t0 ^ Plasmid 

», • generates an anti-CEA vaH a Ki. *, 

chain gene containina a S i m *i variable heavy 

anti-CEA a 6T ,o • ^ sequence (Figure 12) . The 

1 CEA gene ls excised from immunoZAP oh*™ nw * 
Bluescrint- cv . _„ OWtf pnage dna as a 

strategefe, t^o £ «TC Pr0t ° C ° 1S ' 
eouoie stranded DHA is prepared ' J^SLT 
and Spel. The *r,+-4 restricted with Xhol 

Purged *v etec£o;^ 00ntainin3 ^"S^ 

y exec troelution and ligated to y*,-. ^ 

restricted pnc star-sig to create „, Xh °- SpeI 
antiCEa (Figure 12 ) . PlaSmd PDC st «- 

- to ^etsTH^^r^ fr °" «* St »— 
LKC-antiCEA (figure ^ S^^T* *° ""^ PlaS * ia 
-ax ^ent is^^ ^ZT^T^^"- 

rtttcC^. ~— -«-"x-.r 

a^^tZerat^c^ Hi " dm - 
13) . generate LNC— antiCEA (figure 

ategy for er P no»4-j ng targeted vir,, 
The starting materials for generational 
viruses are the LNcenv and ™ P * generatlon of targeted 

and ^C-^unogiobulin (in this 
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example, LNC-antiCEA) plasmids shown in Figure 7. - 
Figures 8 -ll diagram the general principle for the 
primary generation of targeted viruses. Hybrid 
iminunoglobulin-env proteins are generated that target 
viruses to cells expressing carcinoembryonic antigen 
Since the location of important determinants for envelope 
protein sorting (s) , trimerization (T) , and fusion (F) is 
not known with certainty, the immunoglobulin gene is 
ligated to progressive deletions of the env gene and 
functional immunoglobulin-env hybrids are selected for 
Useful Knvelopg Prp mnents nr t^ i^.. 

The envelope portion of the fusion protein may 
consxst of any portion of the envelope protein (or any 
analog thereof) which is sufficient to direct efficient 
incorporation of the envelope fusion protein into the 
viral coat (upon budding of the recombinant virus from a 
producer cell li„ e) . Such f ragaents or analQgs 

determined using the following general selection scheme 
which generally involves ligation of cell surface 
receptor binding domains of ligand genes to progessive 
deletions of viral envelope genes. The correct 
combination of ligand and envelope sequences is 
determined by a selection scheme for the production of 

25 I" 10 * 10 * 11 * aCtiVe ta ^ed virus. The selection scheme 
25 not only produces targeted virus but simplifies the 
construction of future targeted viruses 

caastructior, of hybrid ilmnunofT -, ojmlia=sag lnn h± _ ±J _^ 

Mo M „T V PlaSmid IJ,CenV C ° ntains ^ing region for the 
Mo-MuLV env polyprotein (Figure 8) . mcenv is first 
linearized by Hindlli restr » 

extm ,. . 7 restriction, a range of deletions 

extending into the env gene is created by collecting 
aliguots of Exonuclease Hi treated DNA over time and 
removing 5-processive ends with Sl-„uclease ( Guo i H 
et al., 1983 , Methods En zymo i ioo :60 ; and Sambroo* a 
et 1- "89, M^e Si aar_ci 9Jli n S , C old Spring Harbor 
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Laboratory Press, Cold Spring Harbor). NotI linkers (5' 
AGCGGCCGCT 3' SEQ ID NO: 13) are ligated onto the blunt 
end termini and restricted with Not!. This results in a 
NotI restriction overhang at the 5 '-border of every 

5 deletion within the env oene The w«*-t ~ 

« ene - Tne NotI overhangs at the 

other end of the molecules are removed by sail 
restriction of the reaction mixture. The reaction 
mixture is then treated with phosphatase to prevent 
circularization of the reaction products. 
10 The reaction mixture is ligated to a Sall-NotI 

III ™ ±0n fra9ment fr ° m UO * tlca toat stains the 
anti-CEA variable heavy chain gene. This creates a pool 

oLfT retr ° Viral Vecto " -^ing an anti- CE f 

peptide fused to a series of env deletions 

15 Oration Sf ^ 1o , yiaxg cnn^^,- 

The total reaction mixture from above is 
transformed into ampicillin-sensitive E. co^ and 
ampxcuiin resistance is selected for T 

. sllT^tl ****** ^tional retroviral vectors are 

resSncf ^ -^Ull» 

resistance gene. Piasmid DNA is prepared from 

transformants grown i„ i i<3uia culture to 

Acad Sci aSA 85; 6460-6464) M1 . Brn!lf , " 

encode wiid-type anv protal „. ^ tr^ct^^^ 

oe« line synthesizes each or the afferent hybrid ' 
^unogiobuiin-env protei „ s „ „ ell ^ ^ ™ 

protem (encoded by ,„ eh. gene contained in the «li 
' ^ *— -11 line secretes" 

retrial genomes encoding hybrid innnnoglobulin-env 
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IlTo S ; tf ^ hybrid ±JmUn °* lobuli — Protein retained 
all of the necessary determinants for efficient 

incorporation into viral envelopes then the hybrid-env 
Protein can be incorporated into viral envelopes. wiL 

arT r • r ° teinS enC ° ded f ° r by Paging celUM 

«eates S °a r^"^ ^ ^ ^ GnVel °- S ^ 
proteLs a in V1 ^ e S ~ d »' both type and hybrid env 

sheets ?l envelope. This system therefore 

selects for immunoglobulin-env hybrids that can 
xncorporat their gene products into the viral envelope. 

Varus pools are harvested from media filtered at 
0^. to reffiove contafflinating G418 . resistant ^ « « 



15 - Selec ^'"" *nd charartertzation of taxggtgdvl^ 

G418-sensitive target cells a « « ~T~ 
Pools by standard proe . d J M r^r-^nt" T S 
are selectee for. The target cell* c.„ ^ an TL 
cell li„e (uninf actable by wild t™. ! „ Y no "-»° us » 
expresses carcince^ryon^c ant".? "ZT ^ 

20 reLTY 05 ' a huBM ~ u iinI ^ ^ 

cell line transf e«eT„I^ f' himSter ° Var ^ 

»ti 9 en g en. (Benln^t ecT ~ r^" 10 
" h ™» "Icn adenocarcinoma cell 1^ ^ ',T ' 
"83, cancer *es 13:4045-4049,. ' ' " ^ ' 
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G418-resistant cells can onlv h« Vo = • 
transduction of t-h* ■ Y arisen from 

virus J£? T neom y^n resistance gene by targeted 
virus. This system therefore seler*«= *~ 9 ea 

viruses that have hvbrH* se ^cts for recombinant 

nave hybrid immunoglobulin-env • 
have retained all the necessarv 1, Proteins that 

targeting and fusion. det — ants for viral 

infection by targeted virus results • 
of the hybrid envelope gene that aJZ « I "Ration 

p gene that created the targeting 
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protein. The integrated hybrid immunoglobulin-env gene 
xs rescued from the host DNA by polymerase chain reaction 
(PCR) with the following primers: 

PCR 5* Rescue primer: 

5 5'-CCAGCCTCCGCGGCCCCMGS23:CTGCA-3' (SEQ ID NO: 14) 

Hindlll 
PCR 3' Rescue primer: 

5'-GGTTCTCT£G^AACTGCTGAGGGC-3' (SEQ ID NO: 15) 
Xbal 

0 immnool T, ^ Plific&tion wit * ^hese primers generates the 
™ioglobulan-env gene bordered by Hindlll and Xbal 

^ r Pl±f " reStricted 1th Hindlll and 

SSirx StlCky ^ *** tte DNA is lifted into 

Hxndin-xbai cut l^cx*. When transfected into crip 2 

> Packaging cells, this generates a retroviral vector 
targeted to cells expressing cell surface 
carcinoembryonic antigen (e.g., colon cancer cells) 
se . . . reteov ^l vector produced in the above * 
selection scheme is targeted to both CEA-expressing human ' 
^ (dl " cted the hybrid envelope protein) an! 

proIeLrT ^ (d±reCted ^ "» Wild *»• —lope 
Protexn, when produced in crip 2 packaging cells. To 

create viruses that infect target cells only, the 

retroviral vector will first be tested to determine if 

sufficxent to direct virus fusion. This , ■ 

aoes not encode wild type env. 

If fusion functions are found to have been 

S^STV" T — —in- 

IJne' k Sd M f ° ll0WS - * t»^»Sing ceil 

notations ln the receptor binding domain. Bhen 
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transacted with the targeted viral vector DNA, targeted 
viruses expressing both hybrid ligand-env proteins Ld 

Z llZttTJT fflutated binding sites wil1 be 

The viruses will exclusively infect target cells. 

The tqrcretPd vim vector, IS » ,-, ,,„ 

The viral vector that is constructed by the above 
procedure is a universal targeted vector (Figure 11} 

ZllZl t0 t ° ther ° ellS 15 — by ZJZ, the 

10 ZlJ P ^ fra9D,ent Vith any ^ol-spel fragment 

10 encoding an in-frame immunoglobulin or l igand dire ^ 

against specific cell surface proteins. Lr exit 
Xhox-spel i-unoglobulin-containing fragment f roT an " 
xmmunoZAP library can be fused . n fr ^^J/l\™ 

is sTpTLT SUbCl ° ned int ° W ^Cc " 

universal veL plasmid into the 
universal vector would create another targeted virus 

Othei- v-8~,t T, rrtnr _ 

q> svmdse, e.g., herpes simplex type i or 2 
Paramyxoviridae, Retrovirus, HepadoaTiridae 
2= Poxvrrrdae, Xridoviridae, Togaviridae, FlavIvLida. 
Corohaviridae, Phabodoviridae, Pilovirida ' 
orthosyxoviridae, Bunyaviridae. or Areaavirid,- 
other, yet u„elassi f ied, enveloped Ctrus ' " ™* 

availablT »£ these viruses is 

Tarcr«a-h -i Tig T| . jfTr , r|(1 _ 

Any molecule that is capable of d^o,^ 
interaction with a target host cell (e a T ? ? ^ 
-cognition of and binding to a host c^^uLT 
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protein) may be used as the targeting li gand portion of 
^envelope fusion protein. Preferably, such a protein 
is denved from one member of a ligand: receptor pair 
The targeting ligands are not limited to proteins " 
5 carbohydrate and lipid moieties can be attached to the 
envelope protein via protein fragments containing 
consensus sequences for glycosylate and lipidation 
shown • I, T n0gl0bulin ^nes-can be used as ligands, as 
shown m the example above. Genes for high affinity 
10 immunoglobulins are screened from a lambda or bacterial 
expression library by a filter binding assay with 
[ I] bovxve serum albumin conjugated to antigen as 
previously described (Huse, et al. supra) . 

Cell surface molecules such as inteorins • 

15 moleoileq «-«- >, i -"ltegrins , adhesion 

molecules or homing receptors can be used as cell- 
specific ligands since they are involved in cell-cell 
interactions via receptors on other cells. Genes 
encoding these molecules can be identified bv ^ 
method of seed and Aruffo (Seed B tl ^ * * 

used as *™:*Z T b±nd t0 iC reCept °" — 

a as targeting ligands as well as viral 

naturally occur ing ligands. 

Therapeutic genes useful in the i nv ^4 
the following n o invention include 

j-oxxowing. 1) Genes that are theraBmi-^ 4. 
cells may include a i ^nerapeutic to cancer 

r™ 15 fa0t0r ° r i»ter f er OTS ; „ r e , a„y other 
cells that are infected with HIV Sno^,- 



WO 93/20221 



PCT/US93/02957 



- 33 - 



for HIV, e.g., polymerase; destructive toxin genes- e g 
dxphtheria toxin; and genes that will invoke 

t^atfaT iBUDUnlty ' e * 9 " enhanCer -fences that 

titrate and remove HIV regulatory proteins (Baltimore 
5 D 1988, Nature 335:395-396, , 3 , Genes to correct ' 

l^teH defiCienCiSS - EXaaPleS inClUd6 ' but « -t 
limited to, insulin genes delivered specifically to 

pancreatic beta cells, or the cystic fibrosis 
transmembrane regulator (CPTR, gene delivered to the 
10 appropriate lung cells of cystic fibrosis patients The 
expression of targeted genes can be further ac^isled 

r^at^ T " tlSSUe SP6CifiC e — S th- 
regulate the transgene. 

Therapy 

15 For any gene therapy described herein th* 

a a d:LTt ate / eCOmbinant ^ aS ^scribed n a'bo?e is 
administered to a patient in a pharmaceutically- 

acceptable buffer (e.g., physiological saline, The 
therapeutic preparation is administered in Tj ' „ 

~ ssirrrs'ir virus is — ^ s 

intraperitoneal Injec^on ^ 7"' int — cular, or 
sultaM fc infection, at a dosage that provides 

suitable targeting and l ysis Q f HlV-in^o* / ° V1<Jes 
25 Alternatively it m* v k HIV-infected host cells. 

targets I * necess ary to administer the 

targeted virus surgicallv *- n 

tissue, or via a C I^!f a PPropriate target 

or via a catheter, or a videoscope it ma „ w 
convenient to administer the therapeutic orallv 
or topically, e.g., as a liquid ^ ° r ^ ly ' na ^l ly , 

»0 appropriate dosage is an * m <- * an 

which ^ ° 56 1S an amount of- therapeutic virus 
which effects a reduction in the disease. 

i fflol * , Tar9eted Virus can a ^o be administered bv 
^Planting viral packaging cells i„ to a patient The 

5 e g r bS H enClOSed in * -mi-permeabl! con"^ 
e.g., permeable to a virus but not permeable to a 
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packaging cell. The Implanted container may be - 
removable. Alternatively, the container may be hooked up 
to a patxent intravenously, so that virus enters the 
patient through a needle or through a catheter. i„ this 

Zra";. Patient 3 — - — gene 

Other Embodiments 
Other embodiments are within the following claims. 
10 u se * • &Xa ^ le ' replication competent viruses may be 

10 used xn certain cases. l„ other cases, where 

replication-deficient viruses are necessary, it may be 

1 T S t0 admin±Ster Packaging cells^ 

ra^er than the targeted virus, to patients. By this 
m ethoda non-proliferating dose of recombinant virus is 

^rta^tTll "* ~ <~ *~ - 

pecific target cell. For example, tumor infilt M< -*„„ 

^eT" — ~" — 

srr — - — - 

overcome with immunosuppressive drugs. 

th o • ^ additi ° n to colon «ncer cells, the virus of 
the invention may be used to target other cancerTeils 
e.g., ovarian, breast, or lung cancer cells «T ^ 
» affected with hereditary diseases sulh as LculaT 

dystrophy, Huntington's disease, or cells wiSTa Led, 
ZZST* deam±naSe - H — virus^ may 
v^s o T S1 T SX tYPe 1 ° r tyPe 2 ' ^tein-Barr 

30 vlru^' T^ 071 ™ 8 ' Sendai Virus ««- vaccinia 
30 virus may also be adapted to this method. 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER, ls 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(3 SSSdbdnESS: 3££° aC±d 

CD) topology: Zg*£ 

(sci) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GCAGAAGGTC GACCCAACG 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
{i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: in 

(B) TYPE* 

(CJ STRANDEDNESS : Egg" 

TOPOLOGY: JgSJ 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

CCAAGCTTGG 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: ,, 

(B) TYPE* 

(C) STRANDEDNESS: i±nlli° aCid 

(D) topology: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GTTTTCTTTT ATC 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: , K 

(B) TYPE: " . . 

IS Sop^I?? 5888 3££° acid 

Y# linear 
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3: 
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4: 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CAAGCATGGC TTGCC 



15 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 

(B) TYPE: " , . 

(C) STRANDEDNESS: J We* **** 

(D> topology: fSla? 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
AGGTGCAGCT GCTCGAGTCG GG 
(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 

(B) TYPE: „„„, . 

(C) STRANDEDNESS: s±nl^° a ° ld 
(D, TOPOLOGY: fSlS 

(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGGTGCAACT GCTCGAGTCT GG 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(1) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: ,, 

(B) TYPE: ~~ _ . 

(C) STRANDEDNESS: s^ni? 1 * aCid 
(D, TOPOLOGY: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AGGTGCAGCT GCTCGAGTCT GG 
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7: 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER-: 8: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 2 

52J nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linlar 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

AGGTGCAACT GCTCGAGTCT GG 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 2 

8! sS^DEDNESS: aC±d 
(D) TOPOLOGY: JiSSj 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

AGGTCCAGCT GCTCGAGTCT GG 
(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3g 

(cj sJXndedkess, SSJS° aC±d 

(D) TOPOLOGY: 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CTATTAACTA GTGACGCTTA CCGTGGTCCC TTGGCCCCA 

ll\ ™»™™r *°* SEQUENCE IDENTIFICATION NUMBER: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 

(J) STRANDEDNESS : SSSS° 

(D) topology: 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

AGCTTCTGCA GGCTCGAGTG ATCAACTAGT GCGGCCGCAT 



CGATT 



45 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 

<B) TYPE: 

(C) STRANDEDNESS : 

(D) TOPOLOGY: 



45 

nucleic acid 

double 

linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
AGACGTCCGA GCTCACTAGT TGATCACGCC GGCGTAGCTA 



AGATC 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 

(B) TYPE: 

(C) STRANDEDNESS: 

(D) TOPOLOGY: 



10 

nucleic acid 

double 

linear 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



AGCGGCCGCT 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER; 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : ->„ 

(B) TYPE: . 

(C) STRANDEDNESS: =?™? 1C aCid 

(D) TOPOLOGY: Eg* 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 . 



12 



45 



13: 



10 



14: 



CCAGCCTCCG CGGCCCCAAG CTTCTGCA 
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(2) INFORMATION FOR SEQUENCE IDENTIFICATION 
(i) SEQUENCE CHARACTERISTICS: 

fA) LENGTH: 2 4 

iil ' nucleic acid 

(C) STRANDEDNESS : sinale 
(D> TOPOLOGY: lS£r 

<JCi) SEQUENCE DESCRIPTION: SEQ ID NO: 15- 

GGTTCTCTA GAAACTGCTG AGGGC 
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What is claimed is: 

Claims 

of . f fc /' A method for expressing a nucleic acid 

s :i; r tr:r ln a heter °— — — ™ 

Mi Pr ° Viding a virus ^ose genome comprises 

(x) said nucleic acid of interest and (ii, a hybri / 

rralelt ^V" *~ « ^e^e 

10 e™T ' ^ 3 targeting whereby sa id 

M^LTofiT" dOSS ^ faCil±tate — gnition or 
binding of its normal host cell but which does facilitate 

efficient incorporation of said virus into ' 
na _ M „. „. varus into a mature viral 

particle and whereby said taraefi™ i- „ viral 
tar „ a ,. y ia car 5retmg ligand facilitates 

targeting and binding of said mature viral M4 , ! 
15 the surface of sai* , Particle to 

° f said heterologous host cell, and 

(b) administering said vii-uc 

viral infection of said , 33 t0 permit 

xon or said heterologous host cell/ 

2. The method of claim i 
viruq j„ , cxaim l, wherein said 

virus is an envelope virus. 

25 Rstrovirid« is a T * 8 " eth ° a « 4- wherein ssi„ 

oviridee is a Moloney Burins leukenia virus 

—io nci< o" S^f^ ^ " 

nuoieio aoi* I, int™ * — — — 
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8. The method of claim 1, wherein said 
heterologous host cell is infectious. 

9. The method of claim i, wherein a portion 
of said hybrid envelope fragment consists of a receptor 

5 binding domain, an oligomerization domain, a 

transmembrane domain, a virus budding domain, sorting 
signals, and a signal sequence. 

10. The method of claim 9, wherein said 
envelope fragment further consists of a fusion domain. 

X ° ' . 11. The method of claim 1, wherein the 

fusion activity of said envelope fragment is performed by 
a second protein. y 

a „ • ■ * • " ' meth ° d ° f Claiffl herein said 

15 saTTv 1 ±S by -P^ing a container enclosing 

15 said virus into a patient. 

virne! . . , 13 ' The method of c ^im 12, wherein said 
virus is inside a packaging cell. 

hvbH , . 14- A virus, the genome of which encodes a 

20 an r Pe Pr ° tein ' Sa±d hybrid * rot *i» comprising 
20 an envelope fragment joined in frame to a targeting 

ligand, whereby said envelope fragment does not 

brw^ch e d reC T ±ti0n ^ b±nd±ng ° f ±tS — * ceil 
hybrid 2*T S f3Cllitate « ff ^corporation of said 

hybrid envelope protein into a mature vira3 • ■. 

binding of said mature viral particle to ^ 

cell - -,, particle to the surface of a 

cell not normally infected by said virus. 
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15. The virus of claim l 4/ wherein said 
virus is an envelope virus. 

«v»i • V±rUS ° f Claim 15 ' wh «ein said 

envelope virus is a Herpesviridae . 

5 • ^ ' *** VirUS ° f Claim 15 ' herein said 

envelope virus is a Retroviridae . 

Ret™ • " * ^ VlrUS ° f Claim 17 ' herein said 

Retroviridae is a Moloney murine leukemia virus. 

19. The virus of claim 14, wherein 
10 nucleic acid of interest is dna. "herein said 

nucleic acid 11'' ^ °* Clalm Whereln sai « 

xmcieic acid of interest is RNA. 

21. The virus of claim 14, wherein ^ 
heterologous host cell is infectious. 

5 of said hyhrid^nveLIeT V ^ * P ° rti °» 

yDria envelope protein consists of a reoentor 

bxnding domain, an oligomerization domain, a 
transmembrane domain, a virus buddin« * 
signals anfl =, • ' budding domain, sorting 

signals, and a signal seguence. 

23. The virus of claim 22, wherein 
envelope ^ fttrther conslsts , f -« 

fusion activity 'o^j'T T th « 
a second protein 

nve ope fragment is performed by 
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M . . 25 ' ^ virus of cl aia 14, wherein said 

administration is by implanting a container enclosing 
said virus into a patient. 

■ . 26 * The Virus of cla i» 25, wherein said 
5 virus is inside a packaging cell. 

of , . _ 2? - A. method for delivering a nucleic acid 
of interest to a heterologous host cell, said ffiethod 
comprising 

LO m . ■ a ) Providing a virus whose genoae coiprises 
10 CD said nucleic acid of interest and (ii, a hybrid 
envelope gene, said hybrid gene encoding an envelope 
fragment joined to a targeting li gand , whereby said 
envelope fragment does not facilitate recognition or 

5 ^Lt ^ h ° St Cel1 ^ d ° eS 

oaTL r 1 " COr P° rati - °* -id virus into a mature viral 
Particle and whereby said targeting li gand facilitated 
targeting and binding of said mature viral particle to 
the surface of said heterologous host cell, J* 

' viral In* .- b) adm±nisterin ^ sa *<* virus so as to permit 
viral infection of said cell. 

virus i. - ^ \ meth ° d ° f Cla±m 21 ' whe "in said 

virus is an envelope virus. 

29. The method of claim 28, wherein sa{fl 
envelope virus is a Herpes viridae. 

30. The method of claim 28, wherein 
envelope virus is a Retroviridae. "** 

Retrov - 31 * The method of 30, wherein said 

Retroviridae is a Moloney murine leukemia virus. 
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Mrl . .„ 32 ' The method of <**™ 27, wherein said 
nucleic acid of interest is DNA. 

33. The method of claim 27, wherein said 
nucleic acid of interest is an RNA. 

5 heteT . , ^ " ^ ° f Claim 27 • herein said 

heterologous host cell is infectious. 

Mr+< „ ThS method of cla *» 27, wherein a 

Portxon of said hybrid envelope fragment consists of a 
receptor binding domain, an oligomerization domain a 

domain ' a v±rus buading do ** in < -Sng 

signals, and a signal sequence. 

36. The method of claim 35, W her 6 ( n ..«.. 
env al ope togTCnt turther oonsists ^ , ^T^T 

a second protein. fragment is performed by 

said virus into a patient. onta "er enclosing 

20 virus is insid!' ° f Claia 38 ' whe ~in said 

virus is inside a packaging cell. 
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